CQF-3 カグン ト ソウツイ イデンテキ ネジレ リロン ノ イッパンカ ダイスウ ト ゲンゴ ノ アルゴリズム ト ケイサン リロン by 竹花, 靖彦
Title CQF-3加群と双対遺伝的捩れ理論の一般化 (代数と言語のアルゴリズムと計算理論)
Author(s)竹花, 靖彦













$0arrow K(M)arrow P(M)arrow Marrow 0$ $M$ $P(M)$
$K(M)$ $P(M)$ $P(M)$ $M$
$M$ CQF-$3$
Mod-R $\sigma$
$M$ $N$ $M\supseteq\sigma(M)$ $\sigma(M/N)\supseteq(\sigma(M)+N)/N$
$\sigma$ $\mathcal{T}_{\sigma}:=\{M\in$ Mod-R : $\sigma(M)=M\}$
$\sigma$-torsion $\mathcal{F}_{\sigma}:=\{M\in$ Mod-R : $\sigma(M)=0\}$
$\sigma$-torsionfree $Hom_{R}(M, -)$ A $\in \mathcal{F}$
$0arrow Aarrow Barrow Carrow 0$ $M$ $\sigma$-
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$N$ $t_{N}$ $\mathcal{F}_{t_{A}}=\{M\in$
Mod-R : $Hom_{R}(A, M)=0\}$ and $\mathcal{T}_{t_{A}}=\{M\in$ Mod-R : $\oplus Aarrow Marrow 0\}$
$X,$ $Y\in$ Mod-R $g\in Hom_{R}(X, Y)$
$X\supsetneqq H$ ’ $g(H)\subsetneqq Y$ $g\in$
$Hom_{R}(X, Y)$ $kerg$ $X$
$0arrow Xarrow Yarrow Marrow 0$
$Y$ $\sigma$- $X$ $\sigma$-tosionfree $X$ $Y$ $M$ $\sigma-$
$\sigma$-
$\sigma$ $[11|$ Lemma 14 $P(M)/\sigma(K(M))$
$\sigma$- $\sigma$ $K(M)/\sigma(K(M))\in \mathcal{F}_{\sigma}$
$\sigma$ $K_{\sigma}(M):=K(M)/\sigma(K(M))$ $P_{\sigma}(M):=P(M)/\sigma(K(M))$
$K_{\sigma}(M)$ $P_{\sigma}(\Lambda I)$ $\sigma$
$M$ $\sigma$- $0arrow K_{\sigma}(M)arrow P_{\sigma}(M)arrow Marrow 0$ $l_{\dot{f}}$
$\sigma$ $C$ $Mo$ d-R $N$ $M$
$N,\Lambda I/N\in C$ $N\in \mathcal{F}_{\sigma}$ $M\in C$
$C$ $\mathcal{F}_{\sigma}$ -
$M\in C$ $N$
$M$ $\sigma$-torsionfree $M/N\in C$
$C$ $\mathcal{F}_{\sigma}$ -
$h:Marrow X$ $kerh\in \mathcal{F}_{\sigma}$
$M$ $X$ $\sigma$-
$f$ : $Marrow X$ $kerf\in \mathcal{F}_{\sigma}$ $X\in C\Rightarrow M\in C$
$C$ $\sigma$-
$N$ $\Lambda’I$ $\sigma$-torsionfree
$M$ $M/N$ $\sigma$- $N$












(8) $N$ $\sigma$-torsionfree $\Lambda/I$ $f:Marrow M/N$
$[Hom_{R}(A, f)=0\Rightarrow Hom_{R}(A, M/N)=0]$
(1) $arrow(3)arrow(2)arrow(1)$ (4) $arrow(5)$
$\sigma$ (3) $arrow(4),$ (1) $arrow(8)$ (7) $arrow(6)arrow(5)$
$\sigma$ (7) $arrow(6),$ (6) $arrow(4)arrow(2)$
$\sigma$ $A\in \mathcal{F}_{\sigma}$ (8) $arrow(5)$ $\sigma$
(5) $arrow(2)$
$\sigma$ (1 )(2)(3) $\sigma$
(1)(2)(3)(4)
$\sigma$ - A $\in \mathcal{F}$
(1) $arrow(3)$ : $\oplus Aarrow P_{\sigma}(A)arrow 0$
$M$ $t_{A}(M)\supseteq t_{P_{\sigma}(A)}(M)$ $P_{\sigma}(A)arrow Aarrow 0$
$t_{A}(M)\subseteq t_{P_{\sigma}(A)}(M)$ $t_{A}(_{-})=t_{P_{\sigma}(A)}$ $(-)$
(3) $arrow(2):t_{A}(P_{\sigma}(A))=t_{P_{\sigma}(A)}(P_{\sigma}(A))=P_{\sigma}(A)$
(2) $arrow(1):P_{\sigma}(A)=t_{A}(P_{\sigma}(A))$ $\oplus Aarrow t_{A}(P_{\sigma}(A))$




$0 arrow Narrow Marrow M/N(\ointarrow 0$ ,
$g$ $f\in Hom_{R}(P_{\sigma}(A), M/N)$




(4) $arrow(2)$ : $\sigma$
$K_{\sigma}(A)=K(A)/\sigma(K(A))\in \mathcal{F}_{\sigma}$ $(t_{A}(P_{\sigma}(A))+$









(b): $N$ $M$ $N\in \mathcal{F}_{\sigma}$ $M\in \mathcal{F}_{t_{A}}$
$t_{A}(M/N)=(t_{A}(M)+N)/N=N/N=0$ .
(1) $arrow(8):\sigma$ $P_{\sigma}(A)$ $\sigma-$
$M\supseteq N\in \mathcal{F}_{\sigma}$ $M,$ $N$ $A$ $\sigma-CQF-3’$
$\oplus A_{i}(\varphi_{i})arrow P_{\sigma}(A)$
$( \varphi_{i})(a_{i})=\sum_{?,}\varphi_{i}(a_{i})$
$(a_{i})\in\oplus A_{i},$ $\varphi_{i}\in Hom_{R}(A_{i}, P_{\sigma}(A))$ $A_{i}\cong A$
$Hom_{R}(A, f)=0\Rightarrow Hom_{R}(A, M/N)=0$ $Hom_{R}(A, M/N)\neq$
$0$ $0\neq j\in Hom_{R}(A, M/N)$ $f$ : $Marrow M/N$
$g$ : $P_{\sigma}(A)arrow A$ $A$ $\sigma$
$h:P_{\sigma}(A)arrow M$ $P_{\sigma}(A)$ $\sigma$- $jg=fh$
$P_{\sigma}(A)arrow gAarrow 0$
$\downarrow h$ $\downarrow j$
$0arrow Narrow Marrow M/Narrow 0$
$J^{\cdot}$
$j(x)\neq 0$ $0\neq x\in A$ $0\neq y\in P_{\sigma}(A)$
$y= \sum_{i}\varphi_{i}(a_{i})$ $x=g(y)=g( \sum_{i}\varphi_{i}(a_{i}))=\sum_{i}g(\varphi_{i}(a_{i}))$
$0\neq j(x)=j(g(y))=\ovalbox{\tt\small REJECT} j(g(\varphi_{i}(a_{i})))$
$a_{i}$
$A$
$\varphi_{i}$ $Honi_{R}(A, P_{\sigma}(A))$ $j(g(\varphi_{i}(a_{i})))\neq 0$
$jg=fh$ $0\neq i(g(\varphi_{i}(a_{i})))=f(h(\varphi_{i}(a_{i})))$ $h\varphi_{i}\in$
$Hom_{R}(A, M)$ $0\neq fh\varphi_{i}=Hom(A, f)(h\varphi_{i})$
$Hom_{R}(A, M/N)=0$
(8) $arrow(5)$ : $\sigma$ $A\in \mathcal{F}_{\sigma}$
(a): $\mathcal{T}_{t_{A}}$ $N$
$M$ $A/I/N\in \mathcal{T}_{t_{A}}$ $N\in T_{t_{4}d}$ $t_{A}(M)$
$A\in \mathcal{F}_{\sigma}$ $t_{A}(M)\in \mathcal{F}_{\sigma}$ $\mathcal{F}_{\sigma}\ni t_{A}(M)arrow$
$Marrow M/t_{A}(M)$ $t_{A}(M)$ $Hom_{R}(A, f)=0$
Honl$R(A, M/t_{A}(M))=0$ $M/t_{A}(M)\in \mathcal{F}_{t_{A}}$
$N\in \mathcal{T}_{A}$ $N=t_{A}(N)\subseteqq t_{A}(M)$ $M/t_{A}(M)$ $\Lambda I/N\in \mathcal{T}_{t_{A}}$
$M/t_{A}(M)\in \mathcal{T}_{t_{A}}$ $M/t_{A}(M)\in \mathcal{F}_{t_{A}}$
$M/t_{A}(M)=0$
(b): $N$ $M$ $N\in \mathcal{F}_{\sigma}$ $M\in \mathcal{F}_{t_{A}}$
$0arrow Narrow Marrow fM/Narrow 0$ $M\in \mathcal{F}_{t_{A}}$
$Hom_{R}(A, f)=0$ $Hom_{R}(A, M/N)=0$
$M/N\in\overline{\mathcal{F}}_{t_{A}}$
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(5) $arrow(2)$ : $\sigma$ - - $A\in \mathcal{F}_{\sigma}$ $\mathcal{F}_{\sigma}$
$K_{\sigma}(A)\in \mathcal{F}_{\sigma}$ $P_{\sigma}(A)\in \mathcal{F}_{\sigma}$ $\mathcal{F}_{\sigma}$
$t_{A}(P_{\sigma}(A))\in \mathcal{F}_{\sigma}$ $K=t_{A}(P_{\sigma}(A))$
$\ovalbox{\tt\small REJECT}\underline{\iota}f-\iota^{1}$ $K=P_{\sigma}(A)$ $K\subsetneqq P_{\sigma}(A)$ $K_{\sigma}(A)$
$P_{\sigma}(A)$ $K+K_{\sigma}(A)\subsetneqq P_{\sigma}(A)$ $A\simeq$
$P_{\sigma}(A)/K_{\sigma}(A)arrow P_{\sigma}(A)/(K_{\sigma}(A)+K)\neq 0$
$Hom_{R}(A, P_{\sigma}(A)/(K_{\sigma}(A)+K))\neq 0$ $P_{\sigma}(A)/(K_{\sigma}(A)+$
$K))\not\in \mathcal{F}_{t_{A}}$ $(K_{\sigma}(A)+K)/K$ $K_{\sigma}(A)\in \mathcal{F}_{\sigma}$ $\mathcal{F}_{\sigma}$
$(K_{\sigma}(A)+K)/K\in \mathcal{F}_{\sigma}$
$0arrow(K_{\sigma}(A)+K)/Karrow P_{\sigma}(A)/Karrow P_{\sigma}(A)/(K_{\sigma}(A)+K)arrow 0$ .
(b) $(P_{\sigma}(A)/K)\not\in \mathcal{F}_{t_{A}}$ $X/K=t_{A}(P_{\sigma}(A)/K)(\neq 0)$
$0arrow Karrow Xarrow X/Karrow 0$ $K=t_{A}(P_{\sigma}(A))\in \mathcal{F}_{\sigma}$
$K\in \mathcal{F}_{\sigma}\cap \mathcal{T}_{t_{A}}$ $X/K\in \mathcal{T}_{t_{A}}$ (a)
$X\in \mathcal{T}_{t_{A}}$ $X\subseteqq P_{\sigma}(A)$ $X=t_{A}(X)\subseteqq t_{A}(P_{\sigma}(A))=K$
$X=K$ $X/K=t_{A}(P_{\sigma}(A)/K)\neq 0$
$t_{A}(P_{\sigma}(A))=K=P_{\sigma}(A)$
(4) $arrow(6):\sigma$ $X$ $K_{\sigma}(X)\in$
$\mathcal{F}_{\sigma}$ $M\in \mathcal{T}_{t_{A}}$ $0arrow K_{\sigma}(M)arrow P_{\sigma}(M)arrow$
$P_{\sigma}(M)/K_{\sigma}(M)arrow 0$ $K_{\sigma}(M)\in \mathcal{F}_{\sigma}$ $(M)/K_{\sigma}(M)\simeq$
$M\in \mathcal{T}_{t_{A}}$ $P_{\sigma}(M)/K_{\sigma}(M)=t_{A}(P_{\sigma}(M)/K_{\sigma}(M))=(t_{A}(P_{\sigma}(M))+$
$K_{\sigma}(M))/K_{\sigma}(M)$ $P_{\sigma}(M)=t_{A}(P_{\sigma}(M))+K_{\sigma}(M)$
$K_{\sigma}(M)$ $P_{\sigma}(M)$ $P_{\sigma}(M)=t_{A}(P_{\sigma}(M))\in \mathcal{T}_{t_{A}}$
(6) $arrow(5):\sigma$ $X$ $P_{\sigma}(X)$ $\sigma-$
(a): $M$ $N$ $N\in \mathcal{F}_{\sigma}\cap \mathcal{T}_{t_{A}}$ $M/N\in \mathcal{T}_{t_{A}}$
$P_{\sigma}(M/N)$
$f$ ’ $\downarrow g$
$0arrow Narrow M\vec{h}M/Narrow 0$ ,
$g$ $M/N$ $\sigma$-
$f$ $P_{\sigma}(M/N)$ $\sigma$-
$P_{\sigma}(\Lambda f/N)\in \mathcal{T}_{t_{A}}$ $f(P_{\sigma}(M/N))=f(t_{A}(P_{\sigma}(M/N)))\subseteq$





(b): $N(\in \mathcal{F}_{\sigma})$ $M(\in \mathcal{F}_{t_{A}})$
$P_{\sigma}(t_{A}(\Lambda\prime I/N))arrow 9t_{A}(\lambda I/N)arrow$ $0$
$f\downarrow$ $\downarrow i$
$0$ $arrow N$ $arrow$ $M$
$arrow h$
$\Lambda/I/N$ $arrow$ $0$ ,
$g$ $t_{A}(M/N)$ $\sigma$- $i$
$f$ $P_{\sigma}(t_{A}(M/N))$ $\sigma$-
$P_{\sigma}(t_{A}(l|4/N))\in \mathcal{T}_{t_{A}}$ $M\in \mathcal{F}_{t_{A}}$ $f=0$
$ig=0$
$i=0$ $t_{A}(\Lambda t/N)=0$
(7) $arrow(6):\sigma$ $M$ $K_{\sigma}(M)$
$\mathcal{F}_{\sigma}$ $P_{\sigma}(M)$ $M$ $\sigma$-
(6) $arrow(7):\sigma$ $X$ $P_{\sigma}(X)$
$\sigma$- $N$ $M$ $A/I/N\in \mathcal{T}_{t_{A}}$ $N\in \mathcal{F}_{\sigma}$
$P_{\sigma}(M/N)$
$h_{\mathfrak{t}}^{/}$ $\downarrow f$
$0arrow Narrow Marrow 9M/Narrow 0$ ,
$f$ $1\mathfrak{h}ff/N$ $\sigma$- $g$ $h$
$P_{\sigma}(1|l/N)$ $\sigma$-
$g$ $f$ $h$
$M/N\in \mathcal{T}_{A}$ $(fl\ovalbox{\tt\small REJECT} I/N)\in \mathcal{T}_{t_{A}}$ $h$ $M\in \mathcal{T}_{t_{A}}$
$\sigma$ $0$ $\sigma$ - $A$ $\sigma$-torsionfree
$\sigma-CQF-3’$ CQF-3’
2. $\sigma$ - $A$
(1) $\mathcal{F}_{t_{A}}$ $\mathcal{F}_{\sigma}$ -
(2) $\mathcal{F}_{t_{A}}=\mathcal{F}_{t_{P_{\sigma}(A)}}$
(1) $arrow(2)$ : $P_{\sigma}(A)arrow A$
$\mathcal{F}_{t_{P_{\sigma}(A)}}\subseteq \mathcal{F}_{t_{A}}$ $\mathcal{F}_{t_{P_{\sigma}(A)}}\supseteq \mathcal{F}_{t_{A}}$ $M$ $\mathcal{F}_{t_{A}}$
$M\in \mathcal{F}_{t_{P_{\sigma}(A)}}$ $M\not\in \mathcal{F}_{t_{P_{\sigma}(A)}}$ $Hom_{R}(P_{\sigma}(A), M)\neq$
$0$ $0\neq f\in Hom_{R}(P_{\sigma}(A), M)$ $kerf\subsetneqq P_{\sigma}(A)$
$K_{\sigma}(A)$ $P_{\sigma}(A)$ $kerf+K_{\sigma}(A)\subsetneqq P_{\sigma}(A)$
$\sigma$ $\mathcal{F}_{\sigma}$
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$(K_{\sigma}(A)+kerf)/kerf\in \mathcal{F}_{\sigma}$ $P_{\sigma}(A)/kerf\subseteq M\in \mathcal{F}_{t_{A}}$
$P_{\sigma}(A)/kerf\in \mathcal{F}_{t_{A}}$ $0arrow(K_{\sigma}(A)+$
$kerf)/kerfarrow P_{\sigma}(A)/kerfarrow P_{\sigma}(A)/(K_{\sigma}(A)+kerf)arrow 0$ .




(2) $arrow(1)$ : $\mathcal{F}_{t_{P_{\sigma}}}$ . $A$ ) $\mathcal{F}_{\sigma}$- $N\in \mathcal{F}_{\sigma}$
$M\in \mathcal{F}_{t_{P_{\sigma}(A)}}$ $M/N\not\in \mathcal{F}_{t_{P}}.$
, . $A$ ) $0\neq f\in$
$Hom_{R}(P_{\sigma}(A), M/N)$ $P_{\sigma}(A)$ $\sigma$- $gh=f$
$h\in Hom_{R}(P_{\sigma}(A), M)$ $M\in \mathcal{F}_{t_{P_{\sigma}(A)}}$ $h=0$
$f=0$ $M/N\in \mathcal{F}_{t_{P_{\sigma}(A)}}$
3. $\sigma$ $M$ $N$




$0arrow K_{\sigma}(i\downarrow/[/N)arrow P_{\sigma}(M/N)\vec{g}M/Narrow 0$ ,
$f$ $g$ $\sigma$- $j$
$P_{\sigma}(\Lambda I)$ $\sigma$- $jf=gh$ $h$ : $P_{\sigma}(M)arrow P_{\sigma}(M/N)$
(1) $M$ $M/N$ $\sigma$- $h$ : $P_{\sigma}(M)arrow P_{\sigma}(M/N)$
(2) $\sigma$ $h$ : $P_{\sigma}(M)arrow P_{\sigma}(J\ovalbox{\tt\small REJECT} I/N)$ $M$
$M/N$ $\sigma$-
(1): $N\in \mathcal{F}_{\sigma}$ $M$ $jf$ $g$
$h$ $j(f(kerh))=g(h(kerh))=g(O)=0$
$f(kerh)\subseteq kerj=N\in \mathcal{F}_{\sigma}$ $f(kerh)\in \mathcal{F}_{\sigma}$
$f|$kcr $h$ $f$ $kerh$
$ker(f|_{ker\prime\iota})=kerh\cap kerf=kerh\cap K_{\sigma}(M)\subseteq K_{\sigma}(M)\in \mathcal{F}_{\sigma}$ .
$0arrow kerf|_{kerh}arrow kerharrow f(kerh)arrow 0$ . $\mathcal{F}_{\sigma}$
$kerh\in \mathcal{F}_{\sigma}$ $P_{\sigma}(M/N)$ $\sigma-$
$0arrow kerharrow P_{\sigma}(M)arrow P_{\sigma}(M/N)arrow 0$
$L$ $(M)$ $P_{\sigma}(M)=L\oplus kerh$
$f(P_{\sigma}(M))=f(L)+f(kerh)$ $f(kerh)\subseteq N$
$f(P_{\sigma}(M))=1|f$ $M=f(L)+N$ $N$ $M$
$M=f(L)$ $f$ $(M)=L$
$kerh=0$ $h$ : $P_{\sigma}(M)\simeq P_{\sigma}(M/N)$
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(2): $h$ : $P_{\sigma}(M)\simeq P_{\sigma}(M/N)$ $h$
$h(f^{-1}(N))\subseteq K_{\sigma}(M/N)\in \mathcal{F}_{\sigma}$ $f^{-1}(N)\in \mathcal{F}_{\sigma}$
$f|_{f^{-1}(N)}$ : $f^{-1}(N)arrow Narrow 0$ $\sigma$
$N\in \mathcal{F}_{\sigma}$
$N$ $M$ $K$ $M$
$M=N+K$ $f^{-1}(K)\subsetneqq P_{\sigma}(M)$
$h$ $h(f^{-1}(K))\subsetneqq P_{\sigma}(M/N)$ $g(h(f^{-1}(K)))=$
$i(f(f^{-1}(K)))=j(K)=(K+N)/N=M/N$ $g$
$f^{-1}(K)=P_{\sigma}(M)$
$K=f(f^{-1}(K))=f(P_{\sigma}(M))=\Lambda I$ $N$ $M$
4. $\sigma$ $\sigma-CQF-3’$ $\sigma$-
$N\in$ $P_{\sigma}(M/N)$ $M/N$ $M$
3 $\oplus Marrow\oplus(M/N)arrow$
$P_{\sigma}(M/N)\simeq P_{\sigma}(M)$ . $M$ $\sigma-CQF-3’$
2. $\sigma$- - $\sigma$-
- $A$









$\sigma$ $t$ (4) $arrow(1)$
$\sigma$ $t$
$\sigma$ $M$ $\sigma$- $(M)$





(3) $arrow(2):N\in \mathcal{F}_{\sigma}$ $M$ $M/N$ $\mathcal{T}_{t}$
$P_{\sigma}(M/N)$
$h/’\downarrow f$
$0arrow Narrow Marrow M/Ngarrow 0$ ,




(1) $arrow(4)$ : 1 (4) $arrow(5)$




$\downarrow j$ $\downarrow i$
$0arrow Narrow uMarrow 9M/Narrow 0$,
$i,$ $j$ $u$ $f$ $t(M/N)$ $\sigma$-
$g$ $M$ $M/N$ $P_{\sigma}(t(M/N))\in \mathcal{T}_{t}$
$N\in \mathcal{F}_{\sigma}$ $P_{\sigma}(t(M/N))$ $\sigma$-
$h\in Hom_{R}(P_{\sigma}(t(M/N)), M)$ $if=gh$
$h(P_{\sigma}(t(M/N)))=h(t(P_{\sigma}(t(M/N))))\subseteq t(M)$
$h\in Hom_{R}(P_{\sigma}(t(M/N)), t(M))$ $g(t(M))\subseteq t(M/N)$ $g$
$f=g^{l}h$ $g^{l}\in Ho\iota n_{R}(t(M), t(M/N))$ $f$
$g’$ $(t(M)+N)/N=g’(t(M))=t(M/N)$
(4) $arrow(1):N\in \mathcal{F}_{\sigma}$ $M$ $t$ $\sigma$
$(N+t(M))/t(\Lambda f)\simeq N/(N\cap t(M))\langlearrow N\in \mathcal{F}_{\sigma}$ .
$0arrow(N+t(M))/t(M)arrow M/t(M)arrow M/(N+$






(1) $N$ $M$ $M\supseteq N\supseteq t(M)$
$N/t(M)\in \mathcal{F}_{\sigma}$ $M/N\in \mathcal{F}_{t}$
(2) $t$ $\sigma$-
(1) $arrow$ (2): $N$ $t(M)$ $M/t(M)\in \mathcal{F}_{t}$
$t$
$N\in \mathcal{F}_{\sigma}\Rightarrow t(1l’[/N)=(t(M)+N)/N$ $N$
$N+t(M)$ $0arrow(N+t(M))/t(M)arrow$
$M/t(M)arrow M/(N+t(M))arrow 0$ .
$(N+t(M))/t(M)\simeq N/(N\cap t(M))\ovalbox{\tt\small REJECT}arrow N\in \mathcal{F}_{\sigma}$ $(N+$
$t(M))/t(M)\in \mathcal{F}_{\sigma}$ $(M/(N+t(M))\in \mathcal{F}_{t}$
$(i\downarrow l/N)/((N+t(M))/N)\in \mathcal{F}_{t}$ $t(M/N)\subseteq$
$(N+t(M))/N$ $t(hl’/N)\supseteq(N+t(M))/N$
$t(M/N)=(N+t(M))/N$
(2) $arrow(1):N$ $M$ $M\supseteq N\supseteq t(M)$ $N/t(M)\in \mathcal{F}_{\sigma}$
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